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SYSTEM AND METHOD FOR MATCHING 



MULTI-ATTRIBUTE AUCTION BIDS 



BACKGROUND OF THE INVENTION 
5 1, Field of the Invention 

The present invention relates generally to a system and method for managing an 
auction. More specifically, a system and method for matching multi-attribute auction 
bids to maximize an overall surplus are disclosed. 



10 2. Description of Related Art 

In many conventional auctions, both online and off, an auction mechanism 
manages negotiations between a single seller and multiple buyers, for example, for a 
particular good or service in a given transaction. The good or service is typically 
completely defined such that price of the good or service is the only variable and thus the 
1 5 only negotiable attribute. 

The use of online auctions as a dynamic pricing mechanism for purchasing and 
selling goods and services has recently experienced a significant boom, resulting in the 
creation of new commerce channels. Online auctions offer real-time, on-the-fly matching 
of prices to market conditions while, to a large extent, eliminating barriers of time and 
20 geography. 

In some cases, a buyer and/or a seller may wish to negotiate non-price attributes 
of the good or service, particularly in business-to-business transactions. The price of the 
good or service may be dependent at least in part upon these non-price attributes. Such 
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multi-attribute negotiation or auction may be particulariy useful and beneficial in, for 
example, procurement transactions. Further, such multi-attribute or multidimensional 
negotiation or auction may be among multiple sellers and multiple buyers. However, 
conventional online auction mechanisms do not provide for collection of multi-attribute 
5 bids from buyers and sellers nor do they provide for optimal clearing of such multi- 
attribute buyer and seller bids. 

What is needed is a system and method for allowing systematic and simultaneous 
negotiation in multiple dimensions. It is desirable to provide a system and method for 
collecting multi-attribute bids from buyers and sellers. Ideally, each attribute of the bid 
10 collected from buyers and sellers is specified in relation to a uniform quantification unit. 
It is further desirable to provide a system and method for automated clearing of the multi- 
attribute buyer and seller bids to result in an optimal matching of buyer and seller bids. 



SUMMARY OF THE INVENTION 

1 5 A system and method for matching multi-attribute auction bids to achieve an 

overall optimal matching of seller and buyer bids are disclosed. The system and method 
provide for collection of multi-attribute bids from buyers and sellers and for automated 
clearing of the bids to result in an optimal matching of buyer and seller bids. It should be 
appreciated that the present invention can be implemented in numerous ways, including 

20 as a process, an apparatus, a system, a device, a method, or a computer readable medium 
such as a computer readable storage medium or a computer network wherein program 
instructions are sent over optical or electronic communication hues. Several inventive 
embodiments of the present invention are described below. 
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The method of matching at least one muhi-attribute bid from one or more buyers 
and at least one multi-attribute bid from one or more sellers generally comprises selecting 
a pair of bids having a highest surplus between each buyer and each seller, generating a 
weighted bipartite graph comprising buyer nodes and seller nodes and an edge between 
each buyer node and each seller node, each edge having the highest surplus of the pair of 
bids between the buyer and seller as a weight, and determining maximal weighted 
matching bids from the highest surplus pairs of bids using the weighted bipartite graph. 

Preferably, each buyer or seller is associated with at most one maximal weighted 
matching bid. In one embodiment, selecting the highest surplus pair of bids includes 
determining a value associated with each bid of a buyer and each bid of a seller. The 
highest surplus of a pair of bids between each buyer and each seller may be a highest 
difference between the value of each bid of the buyer and the value of each bid of the 
seller. 

In another embodiment, the method may include collecting at least one muhi- 
attribute bid from one or more buyers and at least one multi -attribute bid from one or 
more sellers, each bid having a plurality of attributes specified by a buyer or seller. Each 
bid may also include one or more predetermined attributes, such as buyer credit rating or 
seller reliability. The plurality of attributes are preferably specified relative to a uniform 
measurement unit, such as a monetary unit. 

According to another embodiment, each bid has a price associated therewith, 
preferably expressed in terms of the uniform measurement unit. Selecting the highest 
surplus pair of bids between each buyer and each seller may include determining a 
difference between the price of each buyer bid and the price of each seller bid. 
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In yet another embodiment, a dynamic trading method comprises collecting at 
least one set of multi-attribute bid values from one or more buyers and at least one set of 
multi-attribute bid values from one or more sellers, generating buyer bids from the set of 
buyer multi-attribute bid values and seller bids from the set of seller multi-attribute bid 
5 values, and selecting a pair of compatible bids between each buyer and each seller, the 
pair of bids having a highest difference in bid values. 

A method of generating multi-attribute bids is also disclosed. The method 
comprises collecting at least one set of multi-attribute bid values, each set having a set of 
nominal attribute values including a nominal bid value and at least one variance to the 

10 nominal attribute value of at least one attribute and a corresponding variance relative to 
the nominal bid value. The method may further include generating a set of bids for each 
set of multi-attribute bid values, each bid having a different combination of attribute 
values based on corresponding variances and nominal attribute values, and generating a 
bid value for each bid based upon the combination of attribute values. The method may 

15 also include collecting at least one set of multi-attribute bid values from a buyer and 
collecting at least one set of multi-attribute bid values from a seller, the buyer and seller 
having a same set of attributes. At least one of the attributes may be a predetermined 
buyer attribute and/or a predetermined seller attribute. Further, the method may include 
collecting a bid value limit such as a minimum bid value and/or a maximum bid value 

20 such that bids having a bid value outside of the bid value limit may be discarded. 

Computer program products for implementing the methods described herein are 
also disclosed. 
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These and other features and advantages of the present invention will be presented 
in more detail in the following detailed description and the accompanying figures which 
illustrate by way of example the principles of the present invention. 



5 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be readily understood by the following detailed 
description in conjunction with the accompanying drawings, wherein like reference 
numerals designate Hke structural elements, and in which: 

FIG, 1 is a schematic of an auction system utilizing an auctioning system and 
10 method; 

FIG. 2 is an example of a seller input screen in which a seller may submit or 
specify a set of exclusive multi-attribute bids; 

FIG. 3 shows an example of a buyer input screen in which a buyer may specify a 
set of exclusive multi-attribute bids, including variances to nominal attribute values in 
1 5 relation to nominal price; 

FIG. 4 is an example of a listing of all the attributes of the input screen of FIG. 3 
and corresponding variance in price relative to nominal price; 

FIG. 5A is a flow chart illustrating a process for the automated market system to 
collect and periodically clear bids from buyers and sellers; 
20 FIG. SB is a flow chart illustrating a process for the automated market system to 

collect and continually clear bids from buyers and sellers; 

FIG. 6 is a flow chart illustrating the step of collecting offers or bids from buyers 
and sellers; 
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FIG. 7 is a flow chart illustrating the step of determining the best match between 
each buyer and each seller; 

FIG, 8 is a schematic of an example of a weighted bipartite graph; 

FIG. 9 is a schematic of an example of a maximal weighted matching; 
5 FIG, 10 is a flow chart illustrating the step of outputting the optimal buyer-seller 

matches. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

A system and method for matching multi-attribute auction bids to achieve an 
10 overall optimal matching of seller and buyer bids are disclosed. The following 
description is presented to enable any person skilled in the art to make and use the 
invention. Descriptions of specific embodiments and applications are provided only as 
examples and various modifications will be readily apparent to those skilled in the art. 
The general principles defined herein may be applied to other embodiments and 
15 applications without departing from the spirit and scope of the invention. Thus, the 

present invention is to be accorded the widest scope encompassing numerous alternatives, 
modifications and equivalents consistent with the principles and features disclosed 
herein. For purpose of clarity, details relating to technical material that is known in the 
technical fields related to the invention have not been described in detail so as not to 
20 unnecessarily obscure the present invention. 

FIG. 1 is a schematic of an auction system 1 00 generally comprising one or more 
buyers 102, one or more sellers 104, and a market system 1 10. The buyers 102 and the 
sellers 104 are in communication with the market system 1 10 via a network 112. The 
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network 112 may be the Internet, an intranet, or an extranet, for example. An extranet 
may be a private network connection provided exclusively among two or more parties 
such as dealers, wholesalers, resellers, or suppHers. 

The buyers 102 may submit multi-attribute bids to the market system 1 10 via the 
5 network 1 12. Similarly, the sellers 104 may submit multi-attribute bids to the market 
system 1 10 via the network 1 12, A multi-attribute bid is one in which the party 
submitting the bid may specify a plurality attributes of the good or service being 
exchanged. The plurality of attributes specified preferably includes a price as well as 
other attributes of the good or service. The attributes specified may include various 

10 quality characteristics of the good or service, the time and location of delivery, the 

quantity, and/or a nominal or baseline price. For example, in the case of a semiconductor 
chip, quality characteristics such as feature size, speed, power consumption, operating 
temperature, expected life, warranty, and/or other quality characteristics may be specified 
by the buyer and/or the seller. 

15 The market system 110 collects the multi-attribute bids from the buyers 102 and 

sellers 104, processes the bids to match buyer bids to seller bids, and outputs the resulting 
matching bids to the buyers 102 and sellers 104 over the network 112. The functions and 
methodologies for the market system 1 10 will be described in more detail 

As shown in FIG. 1, there may be one or more buyers 102 and there may one or 

20 more sellers 104. Further, the number of buyers 102 need not equal the number of sellers 
104. For purposes of discussion and clarity only, a buyer refers to a purchasing party and 
a single set of exclusive multi-attribute bids associated with that purchasing party. The 
set of exclusive multi-attribute bids refers to bids from which at most one bid may be 
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matched to a seller bid. For each additional set of exclusive multi-attribute bids 
associated with the purchasing party, the purchasing party and that set of bids are defined 
as a separate buyer. Similarly, a seller refers to a selling party and a single set of 
exclusive multi-attribute bids associated with that selling party. For each additional set of 
5 exclusive multi-attribute bids associated with the selling party, the selling party and that 
set of bids are defined as a separate seller. 

In the example shown in FIG. 1, Buyers A, B, C, and D 102 represent one, two, 
three, or four separate purchasing parties submitting four sets of exclusive multi-attribute 
buyer bids. Similarly, Sellers A, B, and C 104 represent one, two, or three separate 

10 selling parties submitting three sets of exclusive multi- attribute seller bids. 

FIG. 2 is an example of an input template or screen 200 in which a seller may 
submit or specify a set of exclusive multi-attribute bids or a set of multi-attribute values 
for generation of exclusive multi-attribute bids. The input screen 200 allows the seller to 
specify six predefined attributes of the good or service offered. The input screen 200 

15 shown is merely illustrative of information which may be requested of a seller by the 
market system and the actual input screen may be in any other configuration or format. 
The illustrative predefined attributes listed in the Attribute column of the input 
screen 200 are Quality 1, Quality 2, Time, Delivery, Buyer Credit Rating, and Price. The 
seller specifies one or more values for each attribute. An input screen similar to the input 

20 screen 200 shown in FIG. 2 but having the Buyer Credit Rating attribute replaced by a 
Seller Reliability attribute, for example, may represent an input screen for a buyer in 
which a buyer may submit a set of exclusive multi-attribute bids. 
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In the example shown in FIG, 2, the seller specifies a value of 6 or greater for 
Quality 1, a value of 8 for Quality 2, a time for delivery of 30 or more days, a delivery 
destination in San Francisco, a buyer credit rating of 6, and a price of 60. Each of 
Qualities 1 and 2 may represent any quality of the good or service that can be specified 
5 by a numerical quantity such as quantity, size or weight or by a non-numerical or 
descriptive term such as color or shape. 

In the case of a positive quantity attribute, i.e., an attribute specified by a 
numerical quantity where a higher numerical quantity represents a better product or 
service, the market system may set by default or automatically assume that a value 
10 specified by the seller includes all lesser values and that a value specified by the buyer 
includes all greater values. For example, if Quality 2 is a positive quantity attribute, by 
specifying a value of 8 for Quality 2, the seller is in effect specifying 8 or less. Similarly, 
assuming a higher Buyer Credit Rating is a better credit rating and thus a positive 
quantity attribute, where the seller specifies a Buyer Credit Rating of 6, the seller is in 
1 5 effect specifying 6 or greater. 

Conversely, in the case of a negative quantity attribute, i.e., an attribute specified 
by a numerical quantity where a lower numerical quantity represents a better product or 
service, the market system may set by default or automatically assume that a value 
specified by the seller includes all greater values and that a value specified by the buyer 
20 includes all lesser values. 

A value specified for a given attribute may thus be deemed to be a minimum or 
maximum value of that attribute, depending upon whether the attribute is a positive or 
negative quantity attribute. However, the input screen may allow the buyer and seller to 
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override any defaults or automatic expansions of the set of exclusive bids or the market 
system may not provide any automatic expansion of the set of exclusive bids. In the 
example shown, the price of the good or service is constant over the range of all possible 
attribute values. Thus, all bids of the multi-attribute set of bids submitted or input by the 
5 seller in input screen 200 have the same price of 60. 

The market system may not automatically expanded certain attributes, such as 
dehvery destination or time for delivery. In particular, a higher value of certain attributes 
or quahties may not necessarily correspond to a better or worse product or service. For 
example, for inventory considerations and/or perishable items, an earlier or later delivery 

10 time may not uniformly increase or decrease the overall value or quahty of the good or 
service for either a seller or a buyer. 

The market system may also allow inputs of price variations as a result of 
variances to the values of attributes. FIG. 3 shows an example of an input template or 
screen 300 in which a buyer may specify a set of exclusive multi-attribute bids, including 

1 5 variances to nominal attribute values in relation to the nominal price. The illustrative 
input screen 300 allows variable pricing and is more expansive than the simpler input 
screen 200 shown in FIG. 2. 

The input screen 300 allows the seller to specify a nominal set of values for the 
predefined attributes, including a nominal price, in the Nominal Value column. In 

20 addition, input screen 300 allows the seller to specify variances to the nominal attribute in 
the Variances column, if desired. Preferably, the variances are specified relative to the 
nominal price. The nominal price as well as the variances specified relative to the 
nominal price are preferably specified in terms of a uniform measure. More preferably, 
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the uniform measure is a monetary measurement, such as U.S. dollars or any other 
currency. 

In the example shown, the input screen 300 allows the buyer to specify nine 
predefined attributes of the good or service offered. The illustrative predefined attributes 
5 listed in the Attribute column are Quality 1, Quahty 2, Time, Delivery, Seller Reliabihty, 
Attributes Ai, A2, A3, and Nominal Price. The buyer specifies a nominal value for each 
attribute other than price in the Nominal Value column and a nominal price based on the 
nominal values of the non-price attributes. An input screen similar to the input screen 
300 shown in FIG. 3 but having the Seller Reliability attribute replaced by a Buyer 

10 Credit Rating attribute, for example, may represent an input screen for a seller in which a 
seller may submit a set of exclusive multi-attribute bids. 

The variances to the attributes may be expressed in a number of ways and need 
not vary linearly relative to price. In the example shown in FIG, 3, the seller specifies a 
nominal value of 5 for Quality 1 and the variances to Quality 1 are such that each unit of 

15 decrease in the value of Quality 1 results in an increase of 10 in price relative the nominal 
price of 100, up to a maximum increase of 20 for any lower value of Quality 1 . In this 
example. Quality 1 is a negative quantity attribute, such as features size for a 
semiconductor chip, i.e. a lower numerical quantity represents a better product or service. 
Thus, if the minimum value of Quahty 1 is 1, then Quahty 1 values of 1, 2, or 3 all result 

20 in an increase of 20 relative to the nominal price of 100. Further, by not specifying 
values of Quahty 1 greater than 6, the market system preferably deems that all bids 
having values greater than 6 of Quality 1 would not satisfy or match the set of bids 
represented by the input screen 300. 
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In addition, substituting the nominal value of X for Attribute Ai with Xi increases 
the price by 4 relative to the nominal price of 100 and substituting with X2 decreases the 
price by 3 relative to the nominal price of 100. Further, the buyer may also specify a 
price limit. For example, the buyer may specify a minimum price of 70 and/or a 
5 maximum price of 1 50. Thus, if a combination of values for the attributes results in a 
price outside of the price limit, i.e. greater than the maximum price, the market system 
preferably sets the price as 150. Similarly, if a combination of values for the attributes 
results in a price less than 150, the market system may deem the price to be 150. 
Alternatively, the market system may discard a combination of values that results in a 

10 price outside of the limit(s), e.g. exceeding the maximum price and/or falling below the 
minimum price. For example, the market system may by default and/or the buyer may 
specify that any bid having a price greater than 150 is set to 150 while any bid having a 
price less than 70 is discarded. 

The above examples include a buyer credit rating attribute for the seller input 

15 screen and a seller reliability attribute for the buyer input screen. The buyer credit rating 
and the seller reliability attributes are preferably pre-assigned by the market system to 
each buyer and seller, respectively. For example, the buyer credit rating may be a rating 
assigned by reference to a third-party source such as DUN & BRADSTREET. 
Alternatively or additionally, each buyer or seller may favor or disfavor specific sellers or 

20 buyers by either including or excluding specific sellers or buyers from the set of bids or 
by increasing or decreasing the price relative to the nominal price depending upon the 
specific seller or buyer. 
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FIG. 4 shows a listing 400 of all the attributes of the input screen 300 of FIG. 3 at 
their nominal values and variances relative to the nominal price of 100. Although the 
market system may or may not generate such a listing, the hsting 400 represents 
expansions of the input screen generated by the market system and facilitates in 
5 understanding and appreciating the flexibility and versatility of the multi-attribute bid 
system. 

The hsting 400 of FIG. 4 expands the input screen 300 of FIG. 3. For example, 
the only dehvery time periods hsted are from after 9/15/99 to 10/1 1/99 and from 10/12/99 
to 10/1 5/99. Thus, the only dehvery time that would match or be compatible with the 

10 buyer bid is from after 9/15/99 to 10/1 1/99 at the nominal price or between 10/12/99 and 
10/15/99 at 8 units below the nominal price. The listing 400 essentially lists all values of 
the attributes that are required for a seller bid to match the buyer bid. At most one of the 
possible bids may be subsequently selected as a matching bid to be cleared, as will be 
described in more detail below. 

1 5 The market system may periodically or continually clear bids. In a periodic 

clearing mechanism, all buyer and seller bids submitted during a certain time period are 
collected, processed and cleared. In a continual clearing mechanism, each time a new bid 
from a seller or a buyer is submitted, the market system processes and attempts to clear 
the new bid. Each of these clearing mechanisms is described below with reference to 

20 FIGS. 5A and 5B, 

FIG. 5A is a flow chart illustrating a process 500 for the automated market 
system to collect and periodically clear bids from buyers and sellers. The market system 
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executes process 500 each time a periodic clearing occurs, rather than each time a new 
bid is submitted. 

All buyer and seller offers or bids submitted during a certain time period are 
collected in step 502. Any pre-assigned attributes are added to the offers in step 504. For 
5 example, buyer credit ratings may be assigned to each buyer and/or seller reliability 
ratings may be assigned to each seller such that the buyer credit and seller reliabihty 
rating attributes must match those specified by the seller and buyer, respectively, 

A best match or a best matching pair of offers between each buyer and each seller 
is determined in step 506. In the example shown in FIG. 1, a best match or the best 
10 matching pair of offers is determined between each of Buyers A, B, C, and D and each of 
Sellers A, B, and C such that a total of 12 best matches are determined between the 
buyers and sellers. 

The best matching pair or bids between a buyer and a seller is defined as the pair 
of bids having the greatest surplus among all matching or compatible bids between the 

15 buyer and seller. Matching or compatible bids have attribute values that are better than 
what the buyer specified or not as good as what the seller specified, if the market system 
has such automatic attribute value expansions feature for a given attribute. For example, 
a pair of buyer and seller bids having matching or compatible attribute values must 
necessarily have a seller price that is less than or equal to the buyer price. The buyer 

20 price is in essence what the buyer has specified as the maximum price the buyer is willing 
to pay for a good or service having the associated set of attribute values. Similarly, the 
seller price is in essence what the seller has specified as the minimum price the seller is 
willing to accept for a good or service having the associated set of attribute values. 
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After the best match between each buyer and each seller is determined in step 
506, a weighted bipartite graph is generated in 508 using the results of step 506. The 
weighted bipartite graph is in turn used to determine a maximal weighted matching in 
step 510. Finally, the optimal matches are output in step 512. Thus, in a periodic 
5 clearing mechanism, the market system outputs one set of results in step 512 for each 
periodic clearing. 

FIG. SB is a flow chart illustrating a process 550 for the automated market 
system to collect and continually clear bids from buyers and sellers, hi a continual 
clearing mechanism, each time a new bid from a seller or a buyer is submitted, the market 

10 system processes and attempts to clear the new bid. A new offer is collected from a seller 
or a buyer in step 552. Any pre-assigned attributes are added to the new offer in step 
554. For example, buyer credit ratings may be assigned to each buyer and/or seller 
reliability ratings may be assigned to each seller such that the buyer credit and seller 
rehability rating attributes must match those specified by the seller and buyer, 

1 5 respectively. 

A best match or a best matching pair of bids between the new offer and 
previously unmatched offers is determined in step 556. The determination of the best 
match in step 556 may be similar to the determination of best matches in step 506 of the 
periodic clearing process 500. However, if the new offer is from a buyer, the new buyer 

20 offer is preferably only matched against previously unmatched seller offers although 

previously unmatched buyer offers may exist. If the new offer is compatible with at least 
one of the previously unmatched offers, then the best match between the new offer and 
previously unmatched offers is output in step 558. Step 560 determines if there are any 
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more buyer or seller offers. If there is, process 550 returns to step 552 to collect a new 
offer. If not, process 550 is complete. Alternatively or in conjunction therewith, the 
process 550 may end when a certain time limit is reached or when a certain threshold 
number of matches are made, for example. 
5 FIG. 6 is a flow chart illustrating the step 502 of collecting offers or bids from 

buyers and sellers. In step 602, the buyers and sellers are queried for attribute pricing. 
The query may be in the form of input screens such as those shown in FIGS. 2 and 3. 
Preferably, a set of nominal values for a predetermined set of attributes is the minimal 
input required for each buyer and each seller. Each buyer and seller may optionally also 

10 specify variances to the nominal values of the attributes. The variances to the nominal 
values of the attributes may optionally in turn be specified relative to the nominal price. 

In step 604, a set of offers or bids are generated from the attribute pricing input 
screens input by each seller and each buyer. In one embodiment, the set of bids may be 
generated using a listing such as the listing 400 shown in FIG. 4 and by generating 

1 5 combinations of the different values of the different attributes that would result in a price 
within an allowable price range, for example. As noted above, where a buyer specifies a 
maximum price, the combination of attribute values resulting in a price higher than the 
maximum price may be set to the maximum price. In addition, where a seller specifies a 
minimum price, the combination of attribute values resulting in a price lower than the 

20 minimum price may be set to the minimum price. In other cases where combinations of 
attribute values result in prices outside the specified price ranges, those bids or offers are 
preferably discarded. 
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FIG. 7 is a flow chart illustrating the step 506 of determining the best match 
between each buyer and each seller. First, lists of possible multi-attribute bids for each 
buyer and each seller are generated in step 702. The price of each multi-attribute bid is 
determined in step 704. Although steps 702 and 704 are shown as separate steps, the 
5 price may be determined simultaneously with the generating of the bids for each buyer 
and each seller. The price may be determined as an absolute value or as a value relative 
to the nominal price. 

Next, every possible bid of each buyer is compared with every possible bid of 
each seller to determine matching or compatible bids in step 706. For example, if a set of 
10 N multi-attribute exclusive bids was generated for a buyer and a set of M multi-attribute 
exclusive bids was generated for a seller, then the matching or compatible bids between 
the buyer and the seller are selected from N*M buyer-seller bid combinations. 

Matching or compatible bids refer to a buyer bid and a seller bid whose attribute 
values match, i.e. within the required range. For example, a buyer bid having a price of 
15 1 00 is not compatible and does not match a seller bid having a price of 11 0. On the other 
hand, a buyer bid having a price of 1 1 0 is price compatible and does match the price 
attribute of a seller bid having a price of 1 10. If all other values of the attributes similarly 
match or are compatible, then the bids between the buyer and seller match and are 
compatible. 

20 As noted above, in the case of a positive quantity attribute, the market system may 

automatically assume that a value specified by the seller includes all lesser values and 
that a value specified by the buyer includes all greater values. Conversely, in the case of 
a negative quantity attribute, the market system may automatically assume that a value 
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specified by the seller includes all greater values and that a value specified by the buyer 
includes all lesser values. 

For each pair of matching buyer-seller bids, a surplus is determined in step 708. 
The surplus is the difference between the buyer price and the seller price for a given 
5 matching buyer-seller pair of bids, the buyer price being less than or equal to the seller 
price. For each buyer-seller pair, a matching pair of bids having a highest surplus among 
all matching bids of the buyer-seller pair is selected in step 710. 

Where there are two or more matching pairs of bids having the highest surplus 
among all matching bids of the buyer-seller pair, the market system may select one of the 

10 matching bid pairs based upon certain rules. In one embodiment, the selection may be 
automated by providing predetermined or preset rules. For example, the market system 
may first select one or more matching bid pairs having a lowest or a highest price and, if 
more than one matching bid pairs result, then selecting the matching bid pair having an 
earlier delivery date. Alternatively, an administrator or operator of the market system 

15 may manually select one of the matching bid pairs. However, where the process is not 
automated, the administrator or operator preferably intervenes only after determining that 
the buyer-seller match is included in the maximal weighted matching determined in step 
510 (as shovm in FIG 5). As will be described below, it is the value of the highest 
surplus that is utilized in the determination of the maximal weighted matching such that 

20 the specific combination of attributes associated with the surplus is not relevant at this 
point. 

FIG. 8 is a schematic of an example of a weighted bipartite graph 800. The 
buyers and the sellers are assigned as buyer nodes 802 and seller nodes 804 of the 



Attorney Docket No. TDYNPOOl 



18 



PATENT 



weighted bipartite graph 800. The weighted bipartite graph 800 also includes an edge or 
link between each buyer node and each seller node. An edge between a buyer and a 
seller represents the highest surplus or the best matching pair of bids between the 
corresponding buyer and seller. Further, the edges have weights or values equal to the 
5 surplus of the corresponding best matching pair of buyer and seller bids determined in 
step 710 (as shown in FIG 7). 

Where there are no matching bids between a buyer and a seller, an edge having a 
weight of 0 may nonetheless be added. However, if there are no matching bids between a 
buyer and any of the sellers (or between a seller and any of the buyers), the 

10 corresponding buyer (or seller) node may be removed from the weighted bipartite graph 
800. If after the removal of all unmatched buyers and/or sellers there are an unequal 
number of buyers and sellers, a dummy or added buyer or seller node is preferably added 
to the set of nodes such that there are an equal number of buyer and seller nodes. Thus, 
given N number of resulting nodes and N number of resulting seller nodes, the weighted 

15 bipartite graph 800 preferably includes a total of edges. 

In the example shown in FIG. 8, there are more buyer nodes than seller nodes 
such that a dummy or added seller node 806 is added to the set of seller nodes 804, 
resulting in an equal number of buyer and seller nodes. Edges 808, 810, 812 of the 
bipartite graph 800 have as weights the highest surplus of the matching bids between 

20 Buyer A and Sellers A, B, and C, respectively. Edge 814 between Buyer A and Added 
Seller 806 is defined to have a weight of 0 such that it does not contribute in the 
determination of the maximal weighted matching. The other edges between each buyer 
and each seller are shown in dashed lines merely for purposes of clarity. 
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FIG. 9 is a schematic of an example of a maximal weighted matching obtained 
using the weighted bipartite graph 800 of FIG 8, The maximal weighted matching is an 
overall matching of the buyers and sellers. There may be numerous possible matching 
combinations of the weighted bipartite graph. Each matching combination comprises a 
5 subset of the edges where each buyer node and each seller is at a node of at most one of 
the edges of the subset. A matching combination having a largest sum of the weights 
among all the possible matching combinations is the maximal weighted matching. Thus, 
the highest overall surplus is a sum of the weights of the edges of the maximal weighted 
matching. 

10 As shown, the maximal weighted matching includes edges 902, 904, and 906 such 

that the combination of the best matches between Buyer A and Seller A, Buyer B and 
Seller C, and Buyer D and Seller B results in a highest overall surplus. The Added Seller 
is not part of the maximal weighted matching because all edges to the Added Seller have 
a weight of 0 and thus the Added Seller does not contribute to the overall surplus. 

15 Determination of the maximal weighted matching of a weighted bipartite graph, 

also known as the assignment problem, is known and described in, for example, Ahuja, 
Ravindra K., Thomas L. Magnanti, and James B. Orlin, "Network Flows: Theory, 
Algorithms, and Applications," 1993, (see, in particular Section 12.4), incorporated by 
reference herein. Examples of algorithms to solve a maximal weighted matching or 

20 assignment problem include specialization of a network simplex algorithm, successive 
shortest path algorithm, Hungarian algorithm, relaxation algorithm, and cost scaling 
algorithm for a minimum cost flow problem. Many of these algorithms can be viewed as 
various adaptations of algorithms for a minimum cost flow problem. Any such or other 
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suitable algorithms may be utilized to detemiine the maximal weighted matching of 
multi-attribute bids. 

Where two or more of the possible matching combinations of the weighted 
bipartite graph has a largest sum of the weights, the market system may select one of the 
5 matching combinations based upon certain rules. In one embodiment, the selection may 
be automated by providing predetermined or preset rules. For example, the market 
system may determine the sum of the seller reUabilities and/or buyer credit ratings for 
each of the maximal weight matching combinations and select the one with the highest 
sum of the seller reliabilities and/or the highest buyer credit ratings. As is evident, any 
10 other suitable rule may be implemented and applied to select one of a plurality of 

maximal weight matching combinations. Alternatively, an administrator or operator of 
the market system may manually select one of the maximal weight matching 
combinations. 

FIG. 10 is a flow chart illustrating the step 512 of outputting the optimal buyer- 
15 seller matches. After determining the maximal weighted matching, the market system 
preferably determines the price of each transaction between each matched pair of seller 
and buyer in step 1002. The surplus between the matched pair of seller and buyer may be 
split among the buyer, the seller, the market system, and/or any other parties. 

In one embodiment, all or a portion of the information relating to the bids 
20 submitted by the sellers, for example, may be available to the buyers, or vice versa. In 
such cases, the surplus may be distributed to the side that has disclosed the information, 
less a portion for transaction fee, for example. In other embodiments, all, some or none 
of the information relating to each side of the bidding process may be disclosed, for 
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example, to those on the same side of the bidding process, to those on the opposing side 
of the bidding process, or both. 

In step 1 004, each matched pair of seller and buyer is notified of the match as 
well as the matched values of the attributes, including the price determined in step 1002. 
5 Various information regarding the matches may be selectively disseminated by the 

market system to other matched sellers and buyers, to unmatched sellers and buyers, for 
example, and/or to others outside of the group of participating buyers and sellers. The 
market system repeats the above-described process when it performs another clearing. 

The above described method and process are preferably implemented in a 
10 computer program product having computer codes that perform the various steps of the 
method and process. The computer codes are preferably stored in a computer readable 
medium , such as CD-ROM, zip disk, floppy disk, tape, flash memory, system memory, 
hard drive, and data signal embodied in a carrier wave, such as over a network. 

While the preferred embodiments of the present invention are described and 
15 illustrated herein, it will be appreciated that they are merely illustrative and that 

modifications can be made to these embodiments without departing from the spirit and 
scope of the invention. Thus, the invention is intended to be defined only in terms of the 
following claims. 
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CLAIMS 

What is claimed is: 

1 . A method of matching at least one multi-attribute bid from one or more 
buyers and at least one multi-attribute bid from one or more sellers, comprising: 
5 selecting a pair of bids between each buyer and each seller, the pair of bids 

having a highest surplus; 

generating a weighted bipartite graph comprising buyer nodes and seller 
nodes and an edge between each buyer node and each seller node, each edge having the 
highest surplus of the pair of bids between the buyer and seller as a weight; and 
10 determining maximal weighted matching bids from the highest surplus pairs 

of bids using the weighted bipartite graph. 



2. The method of claim 1, wherein each buyer is associated with at most one 
maximal weighted matching bid and each seller is associated with at most one maximal 
1 5 weighted matching bid. 



3. The method of claim 1 , wherein said selecting the highest surplus pair of 
bids between each buyer and each seller includes determining a value associated with 
each bid of a buyer and each bid of a seller. 

20 

4. The method of claim 3, wherein said highest surplus of a pair of bids 
between each buyer and each seller is a highest difference between the value of each bid 
of the buyer and the value of each bid of the seller. 
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5. The method of claim 1, further comprising collecting at least one multi- 
attribute bid from one or more buyers and at least one multi-attribute bid from one or 
more sellers, each bid having a pluraUty of attributes specified by a buyer or seller. 

5 

6. The method of claim 5, wherein each bid has at least one predetermined 
attribute. 

7. The method of claim 5, wherein said plurality of attributes are specified 
1 0 relative to a uniform measurement unit. 

8. The method of claim 7, wherein said uniform measurement unit is a 
monetary unit. 

15 9. The method of claim 7, wherein each bid has a price associated therewith, 

the price being expressed in terms of the uniform measurement unit. 

10. The method of claim 9, wherein said selecting the highest surplus pair of 
bids between each buyer and each seller includes determining a difference between the 
20 price of each buyer bid and the price of each seller bid. 



Attorney Docket No. TDYNPOOl 



24 



PATENT 



1 1 . The method of claim 1, wherein each bid has a plurahty of attributes, at least 
a portion of the attributes being specified by a buyer or seller and wherein said 
determining the highest value pair of bids between each buyer and each seller further 
includes: 

5 generating bids for each buyer from the plurality of attributes; 

generating bids for each seller from the plurality of attributes; 

comparing attributes of each bid of each buyer with attributes of each bid of 

each seller. 

10 12. The method of claim 1 1 , wherein said determining the highest value pair of 

bids between each buyer and each seller further includes generating a list of matching 
bids between each buyer and each seller, each matching bid having compatible attributes. 

13. The method of claim 12, wherein said highest surplus pair of bids between 
15 each buyer and each seller is selected from said list of matching bids. 

14. The method of claim 11, wherein said compatible attributes includes a buyer 
price lower than or equal to a seller price. 

20 15. The method of claim 11, wherein said generating the list includes discarding 

pairs of bids between each buyer and each seller where a buyer price is lower than a 
seller price. 
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16. A dynamic trading method, comprising: 

collecting at least one set of multi- attribute bid values from one or more 
buyers and at least one set multi-attribute bid values from one or more sellers; 

generating buyer bids from said at least one set of buyer multi-attribute bid 
5 values and seller bids from said at least each set of seller multi-attribute bid values; and 
selecting a pair of compatible bids between each buyer and each seller, the 
pair of bids having a highest difference in bid values. 



17. The dynamic trading method of claim 16, wherein each bid value is a price, 
10 the price being expressed in terms of the uniform measurement unit. 



18. The dynamic trading method of claim 16, wherein said selecting the highest 
difference pair of bids includes determining a bid value associated with each bid of a 
buyer and each bid of a seller. 

15 

19. The dynamic trading method of claim 18, wherein said collecting the multi- 
attribute bid values includes collecting a set of nominal attribute values, including a 
nominal bid value. 



20 20. The dynamic trading method of claim 19, wherein said collecting the multi- 

attribute bid values further includes collecting variances to the nominal attribute values of 
at least one attribute and a corresponding variance relative to said nominal bid value. 
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21 . The dynamic trading method of claim 20, wherein said generating the multi- 
attribute bids includes determining the bid value for each combination of attribute values 
for each buyer and each seller. 

5 22. The dynamic trading method of claim 20, wherein said bid value and said 

variances to the bid value are specified in a uniform measurement unit. 

23. The dynamic trading method of claim 22, wherein said uniform 
measurement unit is a monetary unit. 

10 

24. A method of generating multi-attribute bids, comprising: 

collecting at least one set of multi-attribute bid values, each set of multi- 
attribute bid values having a set of nominal attribute values including a nominal bid 
value, said collecting also includes collecting at least one variance to the nominal 

15 attribute value of at least one attribute and a corresponding variance relative to said 
nominal bid value; 

generating a set of bids for each set of multi-attribute bid values, each bid 
having a different combination of attribute values based on corresponding variances and 
nominal attribute values; and 

20 generating a bid value for each bid based upon the combination of attribute 

values. 
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25. The method of claim 24, wherein said collecting includes collecting at least 
one set of multi -attribute bid values from a buyer and collecting at least one set of multi- 
attribute bid values from a seller, the buyer and seller having a same set of attributes. 



5 26. The method of claim 25, at least one attribute of said same set of attributes 

is selected from the group consisting of a predetermined buyer attribute and a 
predetermined seller attribute. 

27. The method of claim 24, wherein said collecting includes collecting a bid 
10 value limit selected from the group consisting of a minimum bid value and a maximum 

bid value, said method further comprising discarding bids from said set of bids having a 
bid value outside of the bid value limit. 

28. A computer program product for managing dynamic trading, comprising: 

1 5 computer code that collects at least one set of multi-attribute bid values from 

one or more buyers and at least one set of multi-attribute bid values from one or more 
sellers; 

computer code that generates buyer bids from said at least one set of buyer 
multi-attribute bid values and seller bids from said at least one set of seller multi-attribute 
20 bid values; 

computer code that selects a pair of compatible bids between each buyer and 
each seller, the pair of bids having a highest difference in bid values; and 
a computer readable medium that stores the computer codes. 
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29. The computer program product of claim 28, wherein the computer readable 
medium is selected from the group consisting of CD-ROM, zip disk, floppy disk, tape, 
flash memory, system memory, hard drive, and data signal embodied in a carrier wave. 

5 

30. The computer program product of claim 28, farther comprising: 
computer code that generates a weighted bipartite graph, the weighted 

bipartite graph comprising buyer nodes and seller nodes and an edge between each buyer 
node and each seller node, each edge having the highest difference in bid values of the 
10 pair of bids between the buyer and seller as a weight; and 

computer code determines maximal weighted matching bids from the 
highest difference pairs of bids using the weighted bipartite graph. 
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SYSTEM AND METHOD FOR MATCHING 



MULTI-ATTRIBUTE AUCTION BIDS 



ABSTRACT OF THE DISCLOSURE 

5 A system and a method for matching multi-attribute auction bids are disclosed. A 

set of multi-attribute bids or bid values are collected from one or more buyers and one or 
more sellers. The set of bid values may include variances from nominal bid values. 
Buyer and seller bids are generated from the set of buyer and seller multi-attribute bid 
values after predetermined attribute values, if any, are added. A pair of bids between 
10 each buyer and each seller having a highest surplus is selected. The method generates a 
weighted bipartite graph comprising buyer nodes and seller nodes and an edge between 
each buyer node and each seller node, each edge having the highest surplus of the pair of 
bids between the buyer and seller as a weight. The maximal weighted matching bids 
from the highest surplus pairs of bids are determined using the weighted bipartite graph. 



Attorney Docket No. TDYNPOOl 



30 



PATENT 




FIG. 1 

^200 



ATTRIBUTE 


VALUE 


QUALITY 1 


>6 


QUALITY 2 


8 


TIME 


>30 DAYS 


DELIVERY 


SAN 
FRANCISCO 


BUYER CREDIT RATING 


6 


PRICE 


60 



FIG. 2 



2/9 




ATTRIBUTE 


NOMINAL VALUE 


VARIANCES 


QUALITY 1 


5 


-1: +10, MAX OF +20 
6: -20 


QUALITY 2 


7 


8,9: +5 
>I0: +9 


TIME 


AFTER 9/15/99 AND 
ON OR BEFORE 10/11/99 


10/12/99- 10/15/99: -8 


DELIVERY 


SAN FRANCISCO 


CHICAGO : -20 
OTHER U.S. CITIES: -25 


SELLER RELIABILITY 


3 




A, 


X 


Xj: +4 
X^: -3 


A2 


Y 




A3 


Z 




PRICE 


100 


MINIMUM 70 
MAXIMUM 150 



FIG. 3 



3/9 



ATTRIBUTE 


NOMINAL VALUE 


VARIANCES 


QUALITY 1 


5 


0 


QUALITY 1 


6 


-20 


QUALITY 1 


4 


+10 


QUALITY 1 


1,2, OR 3 


+20 


QUALITY 2 


7 


0 


OTIAT TTY 9 


0, y 


+5 


QUALITY 2 


>I0 


+9 


TIME 


AFTER 9/1 5/99 AND ON 
OR BEFORE 10/11/99 


0 


TIME 


10/12/99 - 10/15/99 


-8 


DELIVERY 


SAN FRANCISCO 


0 


DELIVERY 


CHICAGO 


-20 


DELIVERY 


OTHER U.S. CITIES 


-25 


SELLER RELIABILITY 


3,4, OR 5 


0 


A 


X 


0 


A 


X 


+4 


A 




.3 


A, 


Y 


0 


A3 


Z 


0 


BUYER CREDIT RATING 


6 


0 


PRICE 


100 


70 TO 150 



FIG. 4 



4/9 



COLLECT OFFERS FROM BUYERS AND 
SELLERS 




DETERMINE BEST MATCH BETWEEN EACH 
INDIVIDUAL BUYER AND SELLER 




DETERMINE MAXIMAL WEIGHTED 
MATCHING 





END 




FIG. 5A 



5/9 




START 




550 



552 



COLLECT OFFER FROM 
A BUYER OR A SELLER 



554 



ADD ASSIGNED ATTRIBUTES TO OFFER 




DETERMINE BEST MATCH 
BETWEEN NEW OFFER AND 
PREVIOUSLY UNMATCHED OFFERS 




FIG. 5B 



6/9 




502 



QUERY BUYERS AND SELLERS 
FOR ATTRIBUTE PRICING 



^02 



GENERATE OFFERS FROM ATTRIBUTE PRICING 



.604 




7/9 




START 




506 



GENERATE LIST OF POSSIBLE MULTI- 
ATTRIBUTE BIDS FOR EACH BUYER AND 
EACH SELLER 



702 



DETERMINE PRICE OF EACH BID 



704 



DETERMINE MATCHING SELLER AND 
BUYER BID PAIR BY COMPARING EACH 
BUYER BID AND EACH SELLER BID 



706 



DETERMINE SURPLUS OF EACH 
MATCHING SELLER AND BUYER BID PAIR 



SELECT MATCHING SELLER AND BUYER 
BID PAIR WITH THE HIGHEST SURPLUS 
FOR EACH PAIR OF BUYER AND SELLER 




END 




708 



710 



FIG. 7 



8/9 



800 




FIG. 8 



^900 

902 



BUYER A 


) 


SELLER A 





904 




FIG. 9 



9/9 




START 




DETERMINE PRICE FOR TRANSACTION 
BETWEEN EACH MATCHED PAIR OF 
SELLER AND BUYER 



NOTIFY EACH MATCHED PAIR OF SELLER 
AND BUYER OF MATCHED VALUES OF 
THE ATTRIBUTES 




END 




FIG. 10 



DECLARATION AND POWER OF ATTORNEY 
FOR ORIGINAL U.S. PATENT APPLICATION 

AUoraey's Docket No. TDYNPOOl 

As a below-named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe that I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention entitled: 
SYSTEM AND METHOD FOR MATCHING MULTI-ATTRIBUTE AUTION BIDS, the specification of which, 

(check one) 1 . !3 is attached hereto. 

2. □ was filed on as U.S. Application No. 

and was amended on 

I 3. □ was filed on as 

I International PCT Application No. 

: and was amended on . 



Il hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, as 
J, amended by any amendment referred to above. 

1 acknowledge the duty to disclose information which is material to the examination of this application in accordance with Title 
;,,J7,CFR§1.56. 

1 1 hereby claim foreign priority benefits under Title 35, United States code, § ll9(a)-(d) or § 365(b) of any foreign application(s) 
•3 for patent or inventor's certificate, or § 365(a) of any PCT Intemational application which designated at least one country other 
11 than the United States, listed below and have identified below, by checking the box, any foreign application for patent or 
J inventor's certificate, or PCT Intemational application having a filing date before that of the application on which priority is 

J claimed: 

Prior Foreign AppUcation(s) Priority Benefits Claimed? 

DYes QNo 

(Appl No.) (Country) (Fding Date) 

DYes DNo 

(AppL No.) (Counliy) (Filing Date) 

I hereby claim the benefit under 35 U.S.C. §1 19(e) of any United States provisional application(s) listed below: 
Prior Provisional AppIication(s) 



(Application No.) (Filing Date) 



(Application No,) 



(Filing Date) 



I hereby claim the benefit under Titte 35, United States Code, § 120 of any United States application(s). or § 365(c) of any PCT 
International application designating the United States, listed below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT International application in the manner provided by the first 
paragraph of Title 35, United States Code, § 112, 1 acknowledge the duty to disclose information which is material to patentability 
as defined in Title 37, Code of Federal Regulations, § 1.56 which became available between the filing date of the prior application 
and the national or PCT international filing date of this application: 



Prior U.S. Appltcation(s) 



(Application No,) (Filing Date) (Status - patented, pending, abandoned) 



(Application No.) (Filing Date) (Status - patented, pending, abandoned) 



And I hereby appoint the law firm of Ritter, Van Pelt & Yi LLP, including Michael J. Ritter (Reg. JNo. 36,653); Lee Van Pelt 
(Reg. No. 38,352); Susan C. Yi (Reg. No- 39,883); Dan IL Lang (Reg. No. 38,531); Jung-lina Kuo (Reg. No. 41,918); and 
Cindy S. Kaplan (Reg. No. 40,943) as my principal attorneys to prosecute this application and to transact ail business in the 
Patent and Trademark Office connected therewidi: 

Please Direct all Correspondence To: Customer No.21912 

(Ritter, Van Pelt &Yi LLP 
49(^ £1 Camino Real, Suite 205 
Los Altos, CA 94022) 

Direct Telephone Calls To: Jung-hua Kuo at telephone number (650) 903-4615 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and the 
like so made are pimishable by fine or imprisonment, or both, under section 1(X)1 of Title 18 of the United States Code, and that 
such willful false statements may jeopardize the validity of the application or any patent issuing thereon. 



Typewritten Full Name of 

Sole or First Inventor MTrHAHT.P WELLMAN Citizenship: USA 

Inventor's signature: M^^^/^i^^^'-— Date of Signature: ^ J^^^ ^^^^ 

Residence: (Ci^) Ann Arbor (State/Countiy) Jtfl 

Post Office Address: 427 Riverview Drive. Ann Arbor. MI 481Q4 



